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MEDIATED ELECTROCHEMICAL OXIDATION 
PROCESS USED AS A HYDROGEN FUEL 

GENERATOR 

FIELD OF THE INVENTION 

[0001] This invention relates generally to a process and 
apparatus for the use of the mediated electrochemical oxi 
dation (MEO) process on biological and organic materials to 
provide input hydrogen and oxygen for use as fuel in 
numerous types of hydrogen fuel consumer equipment. 

[0002] These materials may be destroyed by the MEO 
process and Will yield hydrogen to be used as a fuel. The 
MEO process may also yield oxygen as a fuel to feed 
equipment such as the fuel cell. The folloWing items are 
listed as fuel sources but not limited to only these items: all 
biological materials, and all organic materials (excluding 
?uorinated hydrocarbons) hence forth collectively to as 
Waste. Typical categories of potential fuel sources are animal 
Waste, food Waste, organic Waste (such as solvents, etc.) 
medical Waste, land?ll runoff, industrial Waste, etc. Refer 
ence to the materials being used by the MEO process in this 
patent as Waste does not imply that they are necessary Waste 
in the common sense. From the MEO process point of vieW 
they are materials that the MEO process may destroy 
yielding hydrogen and oxygen as an input for a fuel cell or 
other tradition combustion systems. 

[0003] Providing the hydrogen gas for input into a fuel cell 
is a signi?cant engineering problem for the terrestrial fuel 
cell community. Many sources are being used such as 
natural gas (methane-CH4), propane, oil, etc. The fuel is 
normally converted through a high temperature process such 
as fractional distillation to yield hydrogen gas in a ‘fuel 
processor’. Fuel processors are one of the major engineering 
problems With the terrestrial since only approximately 40% 
of the fuel is converted to hydrogen thus limiting the fuel 
cell ef?ciency. The other major problem for fuel cells is the 
initial cost of the hardWare as compared to existing electrical 
generators—at least tWo to one in initial cost. The incorpo 
ration of the MEO process in this patent provides hydrogen 
and oxygen fuel to the fuel cell at temperatures beloW 100° 
C. and ambient atmospheric pressure. The oxygen for the 
fuel cell normally is extracted from the air. In the case of this 
invention, the hydrogen is nearly pure containing very little 
other gases, thus the ef?ciency of the fuel cell approaches 
that of a space-based cell. Terrestrial fuel cells are generally 
limited to using air With a limit of 20% plus oxygen. This 
invention may produce oxygen to be added to the air to 
create ‘oxygen enriched’ air. The result is the terrestrial fuel 
cell can achieve ef?ciencies more like their space based 
sister. 

[0004] The hydrogen generated by this invention may be 
used as a fuel substitute for other fuels such as natural gas, 
propane, oil, coal, etc. The hydrogen is provided to a burner 
for use in a combustion system as a source of thermal 

energy. The hydrogen burns much cleaner then these fuels 
and in particular produces almost no carbon dioxide, carbon 
monoxide or nitrogen gases. Hydrogen burners may be used 
in furnaces, boilers, Water heaters, electrical generators, etc. 

BACKGROUND OF THE INVENTION 

[0005] One of the major problems in commercialiZing the 
fuel cells technology is generating the hydrogen fuel to run 
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the fuel cell. Currently high temperature processes are used 
to break doWn materials to create the hydrogen fuel. These 
thermal processes tend to complicate the system design and 
reduce the overall fuel cell ef?ciency. Furthermore, the cost 
of the raW fuel (that is before reducing it to yield the 
hydrogen) is signi?cant in determining the cost of the energy 
produced by the fuel cell. 

[0006] Currently high temperature processes are used to 
break doWn material to create the hydrogen fuel. There are 
many potential fuel sources that are rich in hydrogen that 
available at very little cost and in some cases at no cost at 
all. These candidate fuels are considered to be Waste. Not 
only do they have loW cost potential, they cost the oWners 
considerable money to dispose of them. Typical categories 
of potential fuel sources are animal Waste, food Waste, 
organic Waste such as solvents, medical Waste, land?ll 
runoff, industrial Waste, etc. Food Waste is used in the 
folloWing section to illustrate the impact on the community 
of these various Waste materials. 

[0007] Food Waste is a groWing problem for today’s 
technological society. The food Waste generated by a large 
segment of our agricultural sector is an increasing burden on 
these companies as Well as the Whole country in general. The 
magnitude of this groWing problem can be seen from the 
amount of food available for human consumption in 1995 
Was 356 billion pounds. The US. Department of Agriculture 
estimated that 27% or 96 billion pounds Were lost as food 
Waste at retail, consumer and food service levels. In addition 
to this food Waste, an equally large amount of food Waste is 
generated in the food processing industry. 

[0008] Considerable researches in the ?elds of public 
health, safety and environmental protection have raised the 
level of concern relative to the impact of this Waste on our 
society. This has lead to the de?nition of this Waste being 
expanded in its coverage of materials that must be handled 
in a controlled and accountable manner. 

[0009] The cost of disposing of food Waste in the US. is 
a multi-billion dollar per year industry. The capital cost of 
the equipment required is in the hundreds of millions of 
dollars. All businesses, industrial companies, and institu 
tions that generate and handle this category of Waste must 
provide safe, effective and inexpensive disposal of the 
Waste. In recent years there has been increasing concern over 
the disposal of food Waste. The number of materials that 
need to be controlled has continued to increase. Further 
more, the handling, storing, and transporting of the Waste 
has continued to increase in cost. The liability for the 
consequences of the disposal of this Waste is a major concern 
for all concerned. The liability of the users does not end With 
the transfer of control of these materials to disposal com 
panies for future problems they may cause. 

[0010] The dominant methodologies used today generally 
can be categoriZed as thermal decomposition, long-term 
storage, or land?lls methods. 

[0011] The most frequently used thermal destruction tech 
niques are various forms of incineration. All of these tech 
niques have the potential to produce volatile organics that 
have serious health and environmental consequences. 

[0012] In the case of long-term storage, this method is 
vieWed as delaying the solving of the problem and in fact 
actually increases the degree of the problem in the future. 
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The dumping in land?lls has considerable risk for the users 
of these materials. Many companies build ‘holding ponds’ to 
store the food Waste for an extended period of time but these 
ponds are a potential serious threat to the public health and 
safety. If they develop leaks or over?ow, the Waste can enter 
the ground Water posing a serious environmental problem. 
‘Holding ponds’ may become a breeding area for organisms. 
The organisms produced in these ponds may result in serious 
health consequences. Therefore, the user community has an 
immediate need to develop and incorporate improved meth 
ods for the handling of all types and form of food Wastes. 

[0013] The methodology of this patent provides for the 
immediate destruction of these Waste materials as close to 
the source as possible thus avoiding the risk of expanding 
the exposure time or area to these materials. The destruction 
technology in this patent converts these Waste materials into 
benign natural components such as carbon dioxide, Water, 
and small amounts of inorganic salts. During the destruction 
of the materials the MEO process produces hydrogen and 
oxygen in a clean and ef?cient manner. Thus, the MEO 
process is used to dispose of unWanted or unneeded mate 
rials to produce hydrogen fuel for use in; a) a fuel cell to 
produce electrical energy in an environmentally safe and 
economically ef?cient manner; or b) in a combustion pro 
cess to generate thermal energy for example a Water heater 
in an environmentally safe and economically ef?cient man 
ner. 

SUMMARY OF THE INVENTION 

[0014] The invention relates to a method and apparatus(s) 
for using the mediated electrochemical oxidation (MEO 
process on biological and organic materials to provide input 
hydrogen and oxygen for use as a fuel for numerous types 
of equipment. The method and apparatus in this patent has 
the ?exibility to deal With all of the forms of the Waste as 
identi?ed. The MEO process destroys and/or converts the 
Waste (as previously de?ned) into hydrogen and oxygen for 
use in the fuel cell or other tradition combustion systems. 

[0015] The mediated electrochemical oxidation (MEO) 
process involves an electrolyte containing one or more redox 
couples, Wherein the oxidiZed form of at least one redox 
couple is produced by anodic oxidation at the anode of an 
electrochemical cell. The oxidiZed forms of any other redox 
couples present are produced either by similar anodic oxi 
dation or reaction With the oxidiZed form of other redox 
couples present capable of affecting the required redox 
reaction. The anodic oxidation in the electrochemical cell is 
driven by an externally induced electrical potential induced 
betWeen the anode(s) and cathode(s) plates. The oxidiZed 
species of the redox couples oxidiZe the food Waste mol 
ecules and are themselves converted to their reduced form, 
Whereupon they are reoxidiZed by either of the aforemen 
tioned mechanisms and the redox cycle continues until all 
oxidiZable Waste species, including intermediate reaction 
products, have undergone the desired degree of oxidation. 
The redox species ions are thus seen to “mediate” the 
transfer of electrons from the Waste molecules to the anode, 
(i.e., oxidation of the Waste). 

[0016] A membrane in the electrochemical cell separates 
the anolyte and catholyte, thereby preventing parasitic 
reduction of the oxidiZing species at the cathode. The 
membrane is typically an ion-selective cation exchange 
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membrane (e.g., Na?on, etc.) or a microporous polymer, 
ceramic, or sintered glass membrane. The preferred MEO 
process uses the mediator species described in Table I 
(simple anions redox couple mediators); the Type I isopo 
lyanions (IPA) formed by Mo, W, V, Nb, and Ta, and 
mixtures thereof; the Type I heteropolyanions (HPA) formed 
by incorporation into the aforementioned isopolyanions of 
any of the elements listed in Table II (heteroatoms) either 
singly or in combinations there of; any type heteropolyanion 
containing at least one heteropolyatom (i.e. element) con 
tained in both Table I and Table II; or combinations of 
mediator species from any or all of these generic groups. 

Simple Anion Redox Couple Mediators 
[0017] Table I shoWs the simple anion redox couple 
mediators used in the preferred MEO process Wherein 
“species” de?nes the speci?c ions for each chemical element 
that have applicability to the MEO process as either the 
reduced (e.g., Fe+3) or oxidiZer (e.g., FeO4_2) form of the 
mediator characteristic element (e.g., Fe), and the “speci?c 
redox couple” de?nes the speci?c associations of the 
reduced and oxidiZed forms of these species (e.g., Fe+3/ 
FeO4_2) that are claimed for the MEO process. Species 
soluble in the anolyte are shoWn in Table I in normal print 
While those that are insoluble are shoWn in bold underlined 
print. The characteristics of the MEO Process claimed in this 
patent are speci?ed in the folloWing paragraphs. 

[0018] The anolyte in the MEO process contains one or 
more-redox-couples Which in their oxidiZed form consist of 
either single multivalent element anions (e.g., Ag+2, Ce+4, 
Co+3, Pb+4, etc.), insoluble oxides of multivalent elements 
(e.g., PbO2, CeO2, PrO2, etc.), or simple oxoanions (also 
called oxyanions) of multivalent elements (e.g., FeO4_2, 
NiO4_2, BiO3_, etc.). The redox couples in their oxidiZed 
form are called the mediator species. The non-oxygen mul 
tivalentelement component of the mediator is called the 
characteristic element of the mediator species. We have 
chosen to group the simple oxoanions With the simple anion 
redox couple mediators rather than With the complex (i.e., 
polyoxometallate (POM)) anion redox couple mediators 
discussed in the next section and refer to them collectively 
as simple anion redox couple mediators. 

[0019] In one embodiment of this process both the oxi 
diZed and reduced forms of the redox couple are soluble in 
the anolyte. The reduced form of the couple is anodically 
oxidiZed to the oxidiZed form at the cell anode(s) Whereupon 
it oxidiZes molecules of Waste either dissolved in or located 
on Waste particle surfaces Wetted by the anolyte, With the 
concomitant reduction of the oxidiZing agent to its reduced 
form, Whereupon the MEO process begins again With the 
reoxidation of this species at the cell anode(s). If other less 
poWerful redox couples of this type (i.e., reduced and 
oxidiZed forms soluble in anolyte) are present, they too may 
undergo direct anodic oxidation or the anodically oxidiZed 
more poWerful oxidiZing agent may oxidiZe them rather than 
a Waste molecule. The Weaker redox couple(s) is selected 
such that their oxidation potential is sufficient to affect the 
desired reaction With the Waste molecules. The oxidiZed 
species of all the redox couples oxidiZe the food Waste 
molecules and are themselves converted to their reduced 
form, Whereupon they are reoxidiZed by either of the afore 
mentioned mechanisms and the redox cycle continues until 
all oxidiZable Waste species, including intermediate reaction 
products, have undergone the desired degree of oxidation. 
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[0020] The preferred mode for the MEO process as 
described in the preceding section is for the redox couple 
species to be soluble in the anolyte in both the oxidiZed and 
reduced forms; hoWever this is not the only mode of 
operation claimed herein. If the reduced form of the redox 
couple is soluble in the anolyte (e.g., Pb+2) but the oxidiZed 
form is not (e.g., PbOZ), the following processes are opera 
tive. The insoluble oxidizing agent is produced either as a 
surface layer on the anode by anodic oxidation, or through 
out the bulk of the anolyte by reacting With the oxidiZed 
form of other redox couples present capable of affecting the 
required redox reaction, at least one of Which is formed by 
anodic oxidation. The oxidiZable Waste is either soluble in 
the anolyte or dispersed therein at a ?ne particle siZe, (e.g., 
emulsion, colloid, etc.) thereby affecting intimate contact 
With the surface of the insoluble oxidiZing agent (e.g., PbO2) 
particles. Upon reaction of the Waste With the oxidiZing 
agent particles, the Waste is oxidiZed and the insoluble 
oxidiZing agent molecules on the anolyte Wetted surfaces of 
the oxidiZing agent particles reacting With the Waste are 
reduced to their soluble form and are returned to the bulk 
anolyte, available for continuing the MEO process by being 
reoxidiZed. 

[0021] In another variant of the MEO process, if the 
reduced form of the redox couple is insoluble in the anolyte 
(e.g., TiO2) but the oxidiZed form is soluble (e.g., TiO2+2), 
the folloWing processes are operative. The soluble (i.e., 
oxidiZed) form of the redox couple is produced by the 
reaction of the insoluble (i.e., reduced form) redox couple 
molecules on the anolyte Wetted surfaces of the oxidiZing 
agent particles With the soluble oxidiZed form of other redox 
couples present capable of affecting the required redox 
reaction, at least one of Which is formed by anodic oxidation 
and soluble in the anolyte in both the reduced and oxidiZed 
forms. The soluble oxidiZed species so formed are released 
into the anolyte Whereupon they oxidiZe Waste molecules in 
the manner previously described and are themselves con 
verted to the insoluble form of the redox couple, thereupon 
returning to the starting point of the redox MEO cycle. 

[0022] In this invention, When an alkaline anolyte is used, 
the CO2 resulting from oxidation of the Waste reacts With the 
anolyte to form alkali metal bicarbonates/carbonates. The 
bicarbonate/carbonate ions circulate Within the anolyte 
Where they are reversibly oxidiZed to percarbonate ions 
either by anodic oxidation Within the electrochemical cell or 
alternately by reacting With the oxidiZed form of a more 
poWerful redox couple mediator, When present in the 
anolyte. The carbonate thus functions exactly as a simple 
anion redox couple mediator, thereby producing an oxidiZ 
ing species from the Waste oxidation products that it is 
capable of destroying additional Waste. 

[0023] The electrolytes used in this claim are from a 
family of acids, alkali, and neutral salt aqueous solutions 
(e.g. sulfuric acid, potassium hydroxide, sodium sulfate 
aqueous solutions, etc.). 
[0024] A given redox couple or mixture of redox couples 
(i.e. mediator species) Will be used With different electro 
lytes. 
[0025] The electrolyte composition is selected based on 
demonstrated adequate solubility of the compound contain 
ing at least one of the mediator species present in the 
reduced form (e.g., sulfuric acid Will be used With ferric 
sulfate, etc.). 
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[0026] The concentration of the mediator species contain 
ing compounds in the anolyte Will range from 0.0005 molar 
(M) up to the saturation point. 

[0027] The concentration of electrolyte in the anolyte Will 
be governed by its effect upon the solubility of the mediator 
species containing compounds and by the conductivity of 
the anolyte solution desired in the electrochemical cell for 
the given mediator species being used. 

[0028] The temperature over Which the electrochemical 
cell Will be operated Will range from approximately 0° C. too 
slightly beloW the boiling point of the electrolytic solution. 
The most frequently used thermal techniques, such as incin 
eration, greatly exceed this temperature range. All of these 
techniques have the potential to produce volatile organics 
that have serious health and environmental consequences. 
Typical of these substances are dioxins and furans, Which are 
controlled Waste materials. Dioxins and furans are formed in 
off gas streams of thermal treatment units (incinerators) 
When the off gases are cooled through the temperature range 
from 350° C. to approximately 250° C. The MEO process 
used in this patent does not create those conditions therefore 
does not produce these toxins. 

[0029] The MEO process is operated at atmospheric pres 
sure. 

[0030] The mediator species are differentiated on the basis 
of Whether they are capable of reacting With the electrolyte 
to produce free radicals (e.g., 02H (perhydroxyl), OH 
(hydroxyl), SO 4 (sulfate), NO3 (nitrate), etc.). Such mediator 
species are classi?ed herein as “super oxidiZers” (SO) and 
typically exhibit oxidation potentials at least equal to that of 
the Ce"3/Ce+4 redox couple (i.e., 1.7 volts at 1 molar, 25° C. 
and pH 1). 

[0031] The electrical potential betWeen the electrodes in 
the electrochemical cell is based upon the oxidation poten 
tial of the most reactive redox couples present in the anolyte 
and serving as a mediator species, and the ohmic losses 
Within the cell. Within the current density range of interest 
the electrical potential Will be approximately 2.5 to 3.0 volts. 

[0032] In the case of certain electrolyte compositions, a 
loW-level AC voltage is impressed across the electrodes in 
the electrochemical cell. The AC voltage is used to retard the 
formation of surface ?lms on the electrodes that Would have 
a performance limiting effect. 

Complex Anion Redox Couple Mediators 

[0033] The preferred characteristic of the oxidiZing spe 
cies in the MEO process is that it be soluble in the aqueous 
anolyte in both the oxidiZed and reduced states. The majori 
ties of metal oxides and oxoanion (oxyanion) salts are 
insoluble, or have poorly de?ned or limited solution chem 
istry. The early transition elements, hoWever, are capable of 
spontaneously forming a class of discrete polymeric struc 
tures called polyoxometallate POMs, Which are highly 
soluble in aqueous solutions over a Wide pH range. The 
polymeriZation of simple tetrahedral oxoanions of interest 
herein involves an expansion of the metal, M, coordination 
number to 6, and the edge and corner linkage of MO6 
octahedra. Chromium is limited to a coordination number of 
4, restricting the POMs based on CrO4 tetrahedra to the 
dichromate ion [Cr2O7]_2 Which is included in Table I. 
Based upon their chemical composition POMs are divided 
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into the tWo subclasses isopolyanions (IPAs) and het 
eropolyanions (HPAs), as shown by the following general 
formulas: 

Isopolyanions (IPAs)—[MmOy]p, 

and, 

Heteropolyanions (HPAs)—[XXMmOy]q’(m>x) 

[0034] Where the addenda atom, M, is usually Molybde 
num (M0) or Tungsten (W), and less frequently Vanadium 
(V), Niobium (Nb), or Tantalum (Ta), or mixtures of these 
elements in their highest (do) oxidation state. The elements 
that can function as addenda atoms in IPAs and HPAs appear 
to be limited to those With both a favorable combination of 
ionic radius and charge, and the ability to form dn-pn M—O 
bonds. HoWever, the heteroatom, X, have no such limita 
tions and can be any of the elements listed in Table II. 

[0035] There is a vast chemistry of POMs that involves the 
oxidation/reduction of the addenda atoms and those heteroa 
toms listed in Table II, Which exhibit multiple oxidation 
states. The partial reduction of the addenda, M, atoms in 
some POMs strictures (i.e., both IPAs and HPAs) produces 
intensely colored species, generically referred to as “het 
eropoly blues”. Based on structural differences, POMs can 
be divided into tWo groups, Type I and Type II. Type I POMs 
consist of MO6 octahedra each having one terminal oxo 
oxygen atom While Type II have 2 terminal oxo oxygen 
atoms. Type II POMs can only accommodate addenda atoms 
with d0 electronic con?gurations, Whereas Type I e.g., Keg 
gin (XM12O4O), DaWson (X2M18O62), hexametalate 
(M6019), decatungstate (W1OO32), etc., can accommodate 
addenda atoms With d0, d1, and d2 electronic con?gurations. 
Therefore, While Type I structures can easily undergo revers 
ible redox reactions, structural limitations preclude this 
ability in Type II structures. OxidiZing species applicable for 
the MEO process are therefore Type I POMs (i.e., IPAs and 
HPAs) Where the addenda, M, atoms are W, Mo, V, Nb, Ta, 
or combinations there of. 

[0036] The high negative charges of polyanions often 
stabiliZe heteroatoms in unusually high oxidation states, 
thereby creating a second category of MEO oxidiZers in 
addition to the aforementioned Type I POMs. Any Type I or 
Type II HPA containing any of the heteroatom elements, X, 
listed in Table II, that also are listed in Table I as simple 
anion redox couple mediators, can also function as an 
oxidiZing species in the MEO process. 

[0037] The anolytecontains one or more complex anion 
redox couples, each consisting of either the afore mentioned 
Type I POMs containing W, Mo, V, Nb, Ta or combinations 
there of as the addenda atoms, or HPAs having as heteroa 
toms any elements contained in both Tables I and II, and 
Which are soluble in the electrolyte (e.g. sulfuric acid, etc.). 

[0038] The electrolytes used in this claim are from a 
family of acids, alkali, and neutral salt aqueous solutions 
(e.g. sulfuric acid, potassium hydroxide, sodium sulfate 
aqueous solutions, etc.). 

[0039] To maximiZe the production of hydrogen gas at the 
cathode, or minimiZe the production of any other elements 
or chemical compounds in the catholyte, it is necessary that 
the reaction 
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[0040] predominates all other reactions at the cathode. The 
reduction of many nitrogen and halogen containing anions is 
thermodynamically favored over that of hydrogen thus the 
presence of these anions in the catholyte is to be avoided 
unless they are in their loWest oxidation state (i.e., —3 and 
—1, respectively), thereby precluding their further reduction. 

[0041] A given POM redox couple or mixture of POM 
redox couples (i.e., mediator species) Will be used With 
different electrolytes. 

[0042] The electrolyte composition is selected based on 
demonstrating adequate solubility of at least one of the 
compounds containing the POM mediator species in the 
reduced form and being part of a redox couple of suf?cient 
oxidation potential to affect oxidation of the other mediator 
species present. 

[0043] The concentration of the POM mediator species 
containing compounds in the anolyte Will range from 
0.0005M (molar) up to the saturation point. The concentra 
tion of electrolyte in the anolyte Will be governed by its 
effect upon the solubility of the POM mediator species 
containing compounds and by the conductivity of the 
anolyte solution desired in the electrochemical cell for the 
given POM mediator species being used to alloW the desired 
cell current at the desired cell voltage. 

[0044] The temperature over Which the electrochemical 
cell Will be operated Will range from approximately 0° C. to 
just beloW the boiling point of the electrolytic solution. 

[0045] The MEO process is operated at atmospheric pres 
sure. The POM mediator species are differentiated on the 
basis of Whether they are capable of reacting With the 
electrolyte to produce free radicals (e.g., OZH, OH, SO4, 
NO3). Such mediator species are classi?ed herein as “super 
oxidizers” (SO) and typically exhibit oxidation potentials at 
least equal to that of the Ce"3/Ce+4 redox couple (i.e., 1.7 
volts at 1 molar, 25° C. and pH 1). 

[0046] The MEO process is operated at atmospheric pres 
sure. 

[0047] The electrical potential betWeen the anode(s) and 
cathode(s) in the electrochemical cell is based on the oxi 
dation potential of the most reactive POM redox couple 
present in the anolyte and serving as a mediator species, and 
the ohmic losses Within the cell. Within the current density 
range of interest the electrical potential Will be approxi 
mately 2.5 to 3.0 volts. 

Mixed Simple and Complex Anion Redox Couple 
Mediators 

[0048] The preferred MEO process for a combination of 
simple anion redox couple mediators (A) and complex anion 
redox couple mediators (B) may be mixed together to form 
the system anolyte. The characteristics of the resulting MEO 
process is similar to the previous discussions. 

[0049] The use of multiple oxidiZer species in the MEO 
process has the folloWing potential advantages: 

[0050] a. The overall Waste destruction rate Will be 
increased if the reaction kinetics of anodically oxi 
diZing mediator “A”, oxidiZing mediator “B” and 
oxidiZed mediator “B” oxidiZing the Waste is suffi 
ciently rapid such that the combined speed of the 
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three step reaction train is faster than the tWo step 
reaction trains of anodically oxidizing mediator “A” 
or “B”, and the oxidized mediators “A” or “B” 
oxidizing the Waste. 

[0051] b. If the cost of mediator “B” is suf?ciently 
less than that of mediator “A”, the used of the above 
three step reaction train Will result in lowering the 
cost of Waste destruction due to the reduced cost 
associated With the smaller required inventory and 
process losses of the more expensive mediator “A”. 
An example of this is the use of silver (II)-perox 
ysulfate mediator system to reduce the cost associ 
ated With a silver (I/II) only MEO process and 
overcome the sloW anodic oxidation kinetics of a 
sulfate/peroxysulfate only MEO process. 

[0052] c. The MEO process is “desensitized” to 
changes in the types of molecular bonds present in 
the Waste as the use of multiple mediators, each 
selectively attacking different type of chemical 
bonds, results in a highly “nonselective” oxidizing 
system. 

Anolyte Additional Features 

[0053] In one preferred embodiment of the MEO process 
in this invention, there are one or more simple anion redox 
couple mediators in the anolyte aqueous solution. In another 
preferred embodiment of the MEO process, there are one or 
more complex anion (i.e., POMs) redox couple mediators in 
the anolyte aqueous solution. In another preferred embodi 
ment of the MEO process, there are one or more simple 
anion redox couples and one or more complex anion redox 
couples in the anolyte aqueous solution. 

[0054] The MEO process of the present invention uses any 
oxidizer species listed in Table I that are found in situ in the 
Waste to be destroyed; For example, When the Waste also 
contains iron (Fe) compounds that become a source of 
FeO‘“2 ions under the MEO process conditions Within the 
anolyte, the Waste-anolyte mixture may be circulated 
through an electrochemical cell, Where the oxidized form of 
the reversible iron redox couple is formed either by anodic 
oxidation Within the electrochemical cell or alternately by 
reacting With the oxidized form of a more poWerful redox 
couple, if present in the anolyte and the latter being anodi 
cally oxidized in the electrochemical cell. The iron thus 
functions exactly as a simple anion redox couple species 
thereby destroying the organic Waste component leaving 
only the disposal of the iron. Adding one or more of any of 
the anion redox couple mediators described in this patent 
further enhances the MEO process described above. 

[0055] In the MEO process of the invention, anion redox 
couple mediators in the anolyte part of an aqueous electro 
lyte solution uses an acid, neutral or alkaline solution 
depending on the temperature and solubility of the speci?c 
mediator(s). The anion oxidizers used in the basic MEO 
process preferably attack speci?c organic molecules. 
Hydroxyl free radicals preferentially attack organic mol 
ecules containing aromatic rings and unsaturated carbon 
carbon bonds. Oxidation products such as the highly unde 
sirable aromatic compounds chlorophenol or 
tetrachlorodibenzodioxin (dioxin) upon formation Would 
thus be preferentially attacked by hydroxyl free radicals, 
preventing the accumulation of any meaningful amounts of 
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these compounds. Even free radicals With loWer oxidation 
potentials than the hydroxyl free radical preferentially attack 
carbon-halogen bonds such as those in carbon tetrachloride 
and polychlorobiphenyls (PCBs). 

[0056] Some redox couples having an oxidation potential 
at least equal to that of the Ce"3/Ce+4 redox couple (i.e., 1.7 
volts at 1 molar, 25° C. and pH 1), and sometimes requiring 
heating to above about 50° C. (i.e., but less then the boiling 
point of the electrolyte) can initiate a second oxidation 
process Wherein the mediator ions in their oxidized form 
interact With the aqueous anolyte, creating secondary oxi 
dizer free radicals (e.g., O2H, OH, SO4, NO3, etc.) or 
hydrogen peroxide. Such mediator species in this invention 
are classi?ed herein as “super oxidizers” (SO) to distinguish 
them from the “basic oxidizers” incapable of initiating this 
second oxidation process. 

[0057] The oxidizer species addressed in this patent (i.e., 
characteristic elements having atomic number beloW 90) are 
described in Table I (simple anions redox couple mediators): 
Type I IPAs formed by Mo, W, V, Nb, Ta, or mixtures there 
of as addenda atoms; Type I HPAs formed by incorporation 
into the aforementioned IPAs if any of the elements listed in 
Table II (heteroatoms) either singly or in combinations 
thereof; or any HPA containing at least one heteroatom type 
(i.e., element) contained in both Table I and Table II; or 
mediator species from any or all of these generic groups. 

[0058] Each oxidizer anion element has normal valence 
states (NVS) (i.e., reduced form of redox couple) and higher 
valence states (HVS) (i.e., oxidized form of redox couple) 
created by stripping electrons off NVS species When they 
pass through an electrochemical cell. The MEO process of 
the present invention uses a broad spectrum of anion oxi 
dizers; these anion oxidizers used in the basic MEO process 
may be interchanged in the preferred embodiment Without 
changing the equipment. 

[0059] In preferred embodiments of the MEO process, the 
basic MEO process is modi?ed by the introduction of 
additives as stabilizing compounds such as tellurate or 
periodate ions Which serve to overcome the short lifetime of 
the oxidized form of some redox couples (e.g., Cu+3) in the 
anolyte via the formation of more stable complexes (e.g., 
[Cu(IO6)2]_7, [Cu(HTeO6)2]_7). The tellurate and periodate 
ions can also participate directly in the MEO process as they 
are the oxidized forms of simple anion redox couple media 
tors (see Table I) and Will participate in the oxidation of 
Waste in the same manner as previously described for this 
class of oxidizing agents. 

Alkaline Electrolytes 

[0060] In one preferred embodiment, a cost reduction is 
achieved in the basic MEO process by using an alkaline 
electrolyte, such as but not limited to aqueous solutions of 
NaOH or KOH With mediator species Wherein the reduced 
form of said mediator redox couple displays suf?cient 
solubility in said electrolyte to alloW the desired oxidation of 
the Waste to proceed at a practical rate. The oxidation 
potential of redox reactions producing hydrogen ions (i.e., 
both mediator species and Waste molecules reactions) are 
inversely proportional to the electrolyte pH, thus With the 
proper selection of a redox couple mediator, it is possible, by 
increasing the electrolyte pH, to minimize the electric poten 
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tial required to affect the desired oxidation process, thereby 
reducing the electric poWer consumed per unit mass of Waste 
destroyed. 
[0061] The catholyte portion of the electrolyte should not 
contain nitrogen or halogen anions since their reduction is 
thermodynamically favored over that of hydrogen unless 
they are in their loWest oxidation state (i.e., —3 and —1, 
respectively) Which precludes their further. 

[0062] When an alkaline anolyte (e.g., NaOH, KOH, etc.) 
is used, bene?ts are derived from the saponi?cation (i.e., 
base promoted ester hydrolysis) of fatty acids to form Water 
soluble alkali metal salts of the fatty acids (i.e., soaps) and 
glycerin, a process similar to the production of soap from 
animal fat by introducing it into a hot aqueous lye solution. 

[0063] In this invention, When an alkaline anolyte is used, 
the CO2 resulting from oxidation of the Waste reacts With the 
anolyte to form alkali metal bicarbonates/carbonates. The 
bicarbonate/carbonate ions circulate Within the anolyte 
Where they are reversibly oxidiZed to percarbonate ions 
either by anodic oxidation Within the electrochemical cell or 
alternately by reacting With the oxidiZed form of a more 
poWerful redox couple mediator, When present in the 
anolyte. The carbonate thus functions exactly as a simple 
anion redox couple mediator, thereby producing an oxidiZ 
ing species from the Waste oxidation products that it is 
capable of destroying additional Waste. 

Additional MEO Electrolyte Features 

[0064] In one preferred embodiment of this invention, the 
catholyte and anolyte are discrete entities separated by a 
membrane, thus they are not constrained to share any 
common properties such as electrolyte concentration, com 
position, or pH (i.e., acid, alkali, or neutral). The process 
operates over the temperature range from approximately 0° 
C. too slightly beloW the boiling point of the electrolyte used 
during the destruction of the Waste. 

MEO Process Augmented by Ultraviolet/Ultrasonic 
Energy 

[0065] Decomposition of the hydrogen peroxide into free 
hydroxyl radicals is Well knoWn to be promoted by ultra 
violet (UV) irradiation. The destruction rate of Waste 
obtained using the MEO process in this invention, therefore, 
is increased by UV irradiation of the reaction chamber 
anolyte to promote formation of additional hydroxyl free 
radicals. In a preferred embodiment, UV radiation is intro 
duced into the anolyte chamber using a UV source either 
internal to or adjacent to the anolyte chamber. The UV 
irradiation decomposes hydrogen peroxide, Which is pro 
duced by secondary oxidiZers generated by the oxidiZed 
form of the mediator redox couple, into hydroxyl free 
radical. The result is an increase in the ef?ciency of the MEO 
process since the energy expended in hydrogen peroxide 
generation is recovered through the oxidation of food mate 
rials in the anolyte chamber. 

[0066] Additionally, in a preferred embodiment, ultrasonic 
energy may be applied into the anolyte chamber to rupture 
the cell membranes of biological materials. The ultrasonic 
energy is absorbed in the cell Wall and the local temperature 
is raised to above several thousand degrees, resulting in cell 
Wall failure. This substantially increases the effectiveness of 
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oxidation by the oxidiZed form of redox couple species 
present as Well as the overall efficiency of the MEO process. 

[0067] Additionally, ultrasonic energy is introduced into 
the anolyte chamber. Implosion of the microscopic bubbles 
formed by the rapidly oscillating pressure Waves emanating 
from the sonic horn generate shock Waves capable of 
producing extremely short lived and localiZed conditions of 
4800° C. and 1000 atmospheres pressure Within the anolyte. 
Under these conditions Water molecules decompose into 
hydrogen atoms and hydroxyl radicals. Upon quenching of 
the localiZed thermal spike, the hydroxyl radicals Will 
undergo the aforementioned reactions With the Waste or 
combine With each other to form another hydrogen peroxide 
molecule Which then itself oxidiZes additional Waste. 

[0068] In another preferred embodiment, the destruction 
rate of non anolyte soluble Waste is enhanced by affecting a 
reduction in the dimensions of the individual second (i.e., 
Waste) phase entities present in the anolyte, thereby increas 
ing the total Waste surface area Wetted by the anolyte and 
therefore the amount of Waste oxidiZed per unit time. 
Immiscible liquids may be dispersed on an extremely ?ne 
scale Within the aqueous anolyte by the introduction of 
suitable surfactants or emulsifying agents. Vigorous 
mechanical mixing such as With a colloid mill or the 
microscopic scale mixing affected by the aforementioned 
ultrasonic energy induced microscopic bubble implosion 
could also be used to affect the desired reduction in siZe of 
the individual second phase Waste volumes dispersed in the 
anolyte. The vast majority of solid Waste may be converted 
into a liquid phase, thus becoming treatable as above, using 
a variety of cell disruption methodologies. Examples of 
these methods are mechanical shearing using various rotor 
stator homogeniZers and ultrasonic devices (i.e., sonicators) 
Where the aforementioned implosion generated shock Wave, 
augmented by the 4800° C. temperature spike, shear the cell 
Walls. Distributing the cell protoplasm throughout the 
anolyte produces an immediate reduction in the mass and 
volume of actual Wastes as about 67 percent of protoplasm 
is ordinary Water, Which simply becomes part of the aqueous 
anolyte, requiring no further treatment. If the amount of 
Water released directly from the Waste and/or formed as a 
reaction product from the oxidation of hydrogenous Waste 
dilutes the anolyte to an unacceptable level, the anolyte can 
easily be reconstituted by simply raising the temperature 
and/or loWering the pressure in an optional evaporation 
chamber to affect removal of the required amount of Water. 
The soluble constituents of the Waste are rapidly dispersed 
throughout the anolyte on a molecular scale While the 
insoluble constituents are dispersed throughout the anolyte 
as an extremely ?ne second phase using any of the afore 
mentioned dispersal methodologies, thereby vastly increas 
ing the Waste anolyte interfacial contact area beyond that 
possible With an intact solid con?guration and thus increas 
ing the rate at Which the Waste is destroyed and the MEO 
ef?ciency. 

[0069] In another preferred embodiment, increasing the 
surface area exposed to the anolyte enhances the destruction 
rate of non-anolyte solid organic Waste. The destruction rate 
for any given concentration of oxidiZer in solution in the 
anolyte is limited to the area of the solid With Which the 
oxidiZer can make contact. The embodiment used for solids 
Will contain a mechanism for multiply puncturing the solid 
When it is placed in the anolyte reaction chamber basket. The 
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punctures allow the oxidizer to penetrate into the interior of 
the solid by-passing difficult to destroy surface layers (e.g., 
skin, membranes. etc.) and increase the rate of destruction. 

MEO Process Augmented With Free Radicals 

[0070] The principals of the oxidation process used in this 
invention in Which a free radical (e.g., OZH, OH, SO 4, N03,) 
cleaves and oxidiZe organic compounds resulting in the 
formation of successively smaller hydrocarbon compounds. 
The intermediate compounds so formed are easily oxidiZed 
to carbon dioxide and Water during sequential reactions. 

[0071] Inorganic radicals are generated in aqueous solu 
tions variants of the MEO process in this invention. Inor 
ganic free radicals have been derived from carbonate, aZide, 
nitrite, nitrate, phosphate, phosphite, sulphite, sulphate, 
selenite, thiocyanate, chloride, bromide, iodide and formate 
ions. Organic free radicals, such as sulfhydryl, may be 
generated by the MEO process. When the MEO process in 
this invention is applied to organic materials they are broken 
doWn into intermediate organic compounds that are attacked 
by the aforementioned inorganic free radicals, producing 
organic free radicals, Which contribute to the oxidation 
process and increase the ef?ciency of the MEO process. 

SUMMARY 

[0072] These and further and other objects and features of 
the invention are apparent in the disclosure, Which includes 
the above and ongoing Written speci?cation, With the char 
acteristics and draWings. 

[0073] These and further and other objects and features of 
the invention are apparent in the disclosure, Which includes 
the above and ongoing Written speci?cation, With the draW 
ings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0074] FIG. 1A MEO Apparatus Diagram is a schematic 
representation of a system for destroying Waste materials 
and evolving hydrogen and oxygen as a by-product. These 
gases are feed to fuel cells and other hydrogen fuel consumer 
equipment. FIG. 1A is a representation of a general embodi 
ment of the present invention (With the understanding that 
not all of the components shoWn therein must necessarily be 
employed in all situations and others may be added as 
needed for a particular application). 

[0075] FIG. 1B Anolyte Reaction Chamber for Liquids, 
Mixtures, and Small Particulate and With Continuous Feed 
is a schematic representation of the anolyte reaction cham 
ber used for Waste ?uids, and mixtures, Which include small 
particulate. This chamber accommodates a continuous feed 
of these materials into the chamber. 

[0076] FIG. 1C Anolyte Reaction Chamber for Solids, 
Mixtures, and Larger Particulate and With Batch Operation 
is a schematic representation of the anolyte reaction cham 
ber used for Waste solids, and mixtures that include large 
particulate. This chamber Will be used for batch mode 
processing of Wastes. 

[0077] FIG. 1D Anolyte Reaction Chamber Remote is a 
schematic representation of the anolyte reaction chamber 
used for separating the anolyte reaction chamber from the 
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basic MEO apparatus. This con?guration alloWs the cham 
ber to be a part of production line or similar use. 

[0078] FIG. 1E Anolyte Reaction Chamber Exterior is a 
schematic representation of a container serving the role of 
the anolyte reaction chamber that is not a part of the MEO 
apparatus. Typical of such a container is a SO-gallon drum. 

[0079] FIG. 2 MEO Controller is a schematic represen 
tation of the MEO electrical and electronic systems. FIG. 2 
is a representation of a general embodiment of a controller 
for the present invention shoWn in FIG. 3 (With the under 
standing that not all of the components shoWn therein must 
necessarily be employed in all situations and others may be 
added as needed for a particular application). 

[0080] FIG. 3 MEO System Model 5.b is a schematic 
representation of a preferred embodiment using anolyte 
reaction chamber 5b in the system shoWn in FIG. 1A. 
System Model 5.b is connected to a fuel cell to illustrate a 
typical use for this patent. 

[0081] FIG. 4 MEO System Model 5.b Operational Steps 
is a schematic representation of the generaliZed steps of the 
process used in the MEO apparatus coupled to a fuel cell 
shoWn in FIG. 3 (With the understanding that not all of the 
components shoWn therein must necessarily be employed in 
all situations and others may be added as needed for a 
particular application). 

DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENTS 

[0082] MEO Chemistry 

[0083] Mediated Electrochemical Oxidation (MEO) pro 
cess chemistry described in this patent uses oxidiZer species 
(i.e., characteristic elements having atomic number beloW 
90) as described in Table I (simple anions redox couple 
mediators); Type I IPAs formed by Mo, W, V, Nb, Ta, or 
mixtures there of as addenda atoms; Type I HPAs formed by 
incorporation into the aforementioned IPAs of any of the 
elements listed in Table II (heteroatoms) either singly or in 
combination thereof; or any HPA containing at least one 
heteroatom type (i.e., element) contained in both Table I and 
Table II; or combinations of mediator species from any or all 
of these generic groups. Since the anolyte and catholyte are 
completely separated entities, it is not necessary for both 
systems to contain the same electrolyte. Each electrolyte 
(anolyte and catholyte) may, independent of the other, 
consist of an aqueous solution of acids, typically but not 
limited to sulfuric, of phosphoric; alkali, typically but not 
limited to sodium or potassium hydroxide; or neutral salt 
typically but not limited to sodium or potassium salts of the 
aforementioned strong mineral acids. 

[0084] The catholyte should not contain nitrogen and 
halogen anions. The reduction of these anions is thermody 
namically favored over that of hydrogen and Would interfere 
With effort to maximiZe the production of hydrogen gas at 
the cathode. 

[0085] The MEO Apparatus is unique in that it accommo 
dates the numerous choices of mediator ions and electrolytes 
by simply draining, ?ushing, and re?lling the system With 
the mediator/electrolyte system of choice. 

[0086] Because of redundancy and similarity in the 
description of the various mediator ions, only the iron and 
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sulfuric acid combination is discussed in detail. However, it 
is to be understood that the following discussion of the 
ferric/ferrate, (Fe+3)/(FeO4_2) redox couple reaction in sul 
furic acid (HSO4) also applies to all the aforementioned 
oxidiZer species and electrolytes described at the beginning 
of this section. Furthermore, the folloWing discussions of the 
interaction of ferrate ions With aqueous electrolytes to 
produce the aforementioned free radicals also applies to all 
aforementioned mediators having an oxidation potential 
sufficient to be classi?ed superoxidiZers (SO). An SO has an 
oxidation potential at least equal to that of the redox couple 
Ce"3/Ce+4 Which has a potential of approximately 1.7 volts 
at 1 molar, 25° C. and pH 1 in an acid electrolyte. 

[0087] FIG. 1A shoWs a MEO Apparatus in a schematic 
representation for destroying Waste. At the anode of the 
electrochemical cell 25 Fe(III) ions (Fe+3, ferric) are oxi 
diZed to Fe(VI) ions (FeO42, ferrate), 

[0088] If the anolyte temperature is suf?ciently high, typi 
cally above 50° C., the Fe(VI) species may undergo a redox 
reaction With the Water in the aqueous anolyte. The oxida 
tion of Water proceeds by a sequence of reactions producing 
a variety of intermediate reaction products, some of Which 
react With each other. A feW of these intermediate reaction 
products are highly reactive free radicals including, but not 
limited to the hydroxyl and hydrogen peroxy or per 
hydroxyl (.HO2) radicals. Additionally, the mediated oxi 
diZer species ions may interact With anions present in the 
acid or neutral salt electrolyte (e.g., 504-2, or PO [3, etc.) to 
produce free radicals typi?ed by, but not limited to .504, or 
the anions may undergo direct oxidation at the anode of the 
cell. The population of hydroxyl free radicals may be 
increased by ultraviolet irradiation of the anolyte (see ultra 
violet source 11) in the reaction chambers 5(a,b,c) and buffer 
tank 20 to cleave the hydrogen peroxide molecules, and 
intermediate reaction products, into tWo such radicals. Free 
radical populations is increased by ultrasonic vibration (see 
ultrasonic source 9) induced by the aforementioned implo 
sion generated shock Wave, augmented by the 4800° C. 
temperature spike and 1000 atmospheres pressure. 

[0089] These secondary oxidation species are capable of 
oxidiZing Waste (biological and organic materials) and thus 
act in consort With Fe(VI) ions to oxidiZe the Waste mate 
rials. 

[0090] The oxidiZers react With the Waste to produce CO2 
and Water. These processes occur in the anolyte on the anode 
side of the system in the reaction chambers 5(a,b,c,a), buffer 
tank 20, and throughout the anolyte system When in solution. 

[0091] Addition of ferric ions to non-iron-based MEO 
systems has the potential for increasing the overall rate of 
Waste oxidation compared to the non-iron MEO system 
alone. (Again it is to be understood this discussion of the 
ferric/ferrate redox couple also applies to all the aforemen 
tioned oxidiZer species described at the beginning of this 
section.) For example consider a tWo step process the ?rst of 
Which is to electrochemically form a FeO4_2 ion. In the 
second step is the FeO4_2 ion oxidiZes a mediator ion, from 
its reduced form (e.g., sulfate) to its oxidiZed form (e.g., 
peroxysulfate), faster than by the direct anodic oxidation of 
the sulfate ion itself. Thus there is an overall increase in the 
rate of Waste destruction. 
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[0092] Membrane 27 separates the anode and the cathode 
chambers in the electrochemical cell 25. Hydrogen ions (H") 
or hydronium ions (H3O+) travel through the membrane 27 
due to the electrical potential from the dc poWer supply 29 
applied betWeen the anode(s) 26 and cathodes(s) 28. In the 
catholyte the hydrogen ions are reduced to hydrogen gas 

[0094] The hydrogen ions (H") or hydronium ions (H3O+) 
Will evolve as hydrogen gas at the cathode. The evolved 
hydrogen gas can be feed to devices that use hydrogen as a 
fuel such as the proton exchange membrane (PEM) fuel cell 
or other traditional hydrogen fuel consumer equipment. 

[0095] In some cases oxygen is evolved at the anode due 
to the over voltage necessary to create the oxidation species 
of some of the mediator ions. The ef?ciency of these 
mediators is someWhat less under those conditions. The 
evolved oxygen can be feed to the devices that use hydrogen 
as a fuel such as the fuel cells. The efficiency of fuel cells 
deriving their oxygen supply from ambient air is increased 
by using the evolved oxygen to enrich the air above its 
nominal oxygen content of 20.9 percent. 

[0096] The overall process results in the Waste being 
converted to carbon dioxide, Water, and a small amount of 
inorganic salts in solution or as a precipitate, Which Will be 
extracted by the inorganic compound removal and treatment 
system 15. 

[0097] The MEO process may proceed until complete 
destruction of the Waste has been affected or modi?ed to stop 
the process at a point Where the destruction of the Waste is 
incomplete but: a) the organic materials are benign and do 
not need further treatment, or b) the organic materials may 
be used in the form they have been reduced to and thus 
Would be recovered for that purpose. 

[0098] The entireties of US. Pat. Nos. 4,686,019; 4,749, 
519; 4,874,485; 4,925,643; 5,364,508; 5,516,972; 5,745, 
835; 5,756,874; 5,810,995; 5,855,763; 5,911,868; 5,919, 
350; 5,952,542; and 6,096,283 are included herein by 
reference for their relevant teachings. 

[0099] MEO Apparatus 

[0100] Aschematic draWing of the MEO apparatus shoWn 
in FIG. 1A MEO Apparatus Diagram illustrates the appli 
cation of the MEO process to the destruction of Waste. The 
bulk of the anolyte resides in the anolyte reaction chambers 
5(a,b,c) and the buffer tank 20. The anolyte portion of the 
electrolyte solution contains for example Fe"3/FeO4_2 redox 
couple anions and secondary oxidiZing species (e.g., free 
radicals, H202, etc.). 
[0101] The MEO apparatus FIG. 1A is composed of tWo 
separate closed-loop systems containing an electrolyte solu 
tion composed of anolyte and catholyte solutions. The 
anolyte and catholyte solutions are contained in the anolyte 
(A) system and the catholyte (B) system, respectively. The 
hydrogen and oxygen gases evolve from the cathode and 
anode respectively. The gases are feed to the fuel cell or 
other hydrogen fuel consumer equipment. These tWo sys 
tems are discussed in detail in the folloWing paragraphs. 

Anolyte System (A) 
[0102] The Waste is introduced into the anolyte reaction 
chamber Where it is oxidiZed. The oxidation process pro 
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duces the hydrogen or hydronium ions Which pass through 
the membrane into the catholyte reaction chamber. The ions 
Will be evolved into hydrogen gas for output to the fuel cell 
or other hydrogen fuel consuming equipment. Referring to 
FIG. 1A, the Waste may be a liquid, solid, a mixture of solids 
and liquids, or combined Waste. FIGS. 1B through 1E 
provide preferred embodiments of the anolyte reaction 
chambers 5(a), 5(b), 5(c), 5(LD, and buffer tank 20. 

[0103] The anolyte reaction chamber 5(a) in FIG. 1B is 
designed for liquids, small particulate and continuous feed 
operations. The Waste is introduced into the anolyte reaction 
chamber 5(a) through the input pump 10 connected to the 
source of the Waste to be destroyed. The Waste is pumped 
into the chamber 5(a), Which contains the anolyte used to 
destroy that Waste. The apparatus continuously circulates the 
anolyte portion of the electrolyte directly from the electro 
chemical cell 25 through the reaction chamber 5(a) to 
maximiZe the concentration of oxidiZing species contacting 
the Waste. The anolyte is introduced into the anolyte reaction 
chamber 5(a) through the spray head 4(a) and stream head 
4(b). The tWo heads are designed to increase the exposure of 
the Waste to the anolyte by enhancing the mixing in the 
anolyte reaction chamber 5(a). Introducing the anolyte into 
the reaction chamber 5(a) as a spray onto the anolyte surface 
promotes contact With (i.e., oxidation of) any immiscible 
organic surface layers present. A?lter 6 is located at the base 
of the reaction chamber 5(a) to limit the siZe of the solid 
particles to approximately 1 mm in diameter (i.e., smaller 
that the minimum dimension of the anolyte flow path in the 
electrochemical cell 25) thereby preventing solid particles 
large enough to clog the electrochemical cell 25 How paths 
from exiting the reaction chamber 5(a). Contact of the 
oxidiZing species With incomplete oxidation products that 
are gaseous at the conditions Within the reaction chamber 
5(a) may be further enhanced by using conventional tech 
niques for promoting gas/liquid contact (e.g., ultrasonic 
vibration 9, mechanical mixing 7). An ultraviolet source 11 
is introduced into the anolyte reaction chamber 5(a) to 
decompose the hydrogen peroxide formed by the MEO 
process into free hydroxyl radicals. 

[0104] The anolyte reaction chamber 5(b) in FIG. 1C is 
designed for solids, mixtures and batch operations. The 
hinged lid 1 is lifted, and the top of the basket 3 is opened. 
The solid Waste is introduced into the basket 3 in the reaction 
chamber 5(b) Where the solid Waste remains While the liquid 
portion of the Waste ?oWs into the anolyte. The basket 3 top 
is closed and the basket 3 is loWered by a lever 36 connected 
to the lid 1 into the anolyte such that all its contents are held 
submerged in the anolyte throughout the oxidiZation pro 
cess. Lid 1 has a seal around the opening and it is locked 
before operation begins. 

[0105] A mechanical device (penetrator 34) is incorpo 
rated into the basket 3 that create multiple perforations in the 
outer layers of the solid Waste so that the anolyte can 
penetrate into the Waste. This penetration speeds up the 
oxidation of the solid Waste by increasing the surface area 
exposed to the anolyte oxidiZer, and alloWing said oxidiZer 
immediate access to portions of the aforementioned Waste 
that are encased in (i.e., protected by) more dif?cult to 
oxidiZe surrounding outer layers (e.g., hide, etc.). 

[0106] The apparatus continuously circulates the anolyte 
portion of the electrolyte directly from the electrochemical 
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cell 25 through the reaction chamber 5(b) to maximiZe the 
concentration of oxidiZing species contacting the Waste. The 
anolyte enter the reaction chamber 5(b) and is injected 
through tWo noZZles; one a spray head to distribute the 
anolyte throughout the reaction chamber 5(b), and the sec 
ond is a stream head to promote circulation and turbulence 
in the anolyte in the chamber. An in-line screen ?lter 6 
prevents solid particles large enough to clog the electro 
chemical cell 25 HOW paths from exiting the reaction cham 
ber 5. Introducing the anolyte into the reaction chamber 5(b) 
as a spray onto the anolyte surface promotes contact With 
(i.e., oxidation of) any immiscible organic surface layers 
present. A ?lter 6 is located at the base of the reaction 
chamber 5(b) to limit the siZe of the solid particles to 
approximately 1 mm in diameter (i.e., smaller that the 
minimum dimension of the anolyte ?oW path in the elec 
trochemical cell 25) thereby preventing solid particles large 
enough to clog the electrochemical cell 25 How paths from 
exiting the reaction chamber 5(b). Contact of the oxidiZing 
species With incomplete oxidation products that are gaseous 
at the conditions Within the reaction chamber 5(b) may be 
further enhanced by using conventional techniques for pro 
moting gas/liquid contact (e.g., ultrasonic vibration 9, 
mechanical mixing 7). An ultraviolet source 11 is introduced 
into the anolyte reaction chamber 5(b) to decompose the 
hydrogen peroxide formed by the MEO process into free 
hydroxyl radicals. 

[0107] The anolyte reaction chamber 5(c) in FIG. 1D is 
designed to use an anolyte reaction chamber that is exterior 
to the basic MEO apparatus. The chamber may be integrated 
into a production process to be used to destroy Waste as a 
part of the process. The chamber may be connected to the 
basic MEO apparatus through tubing and a pumping system. 
The anolyte is pumped from the buffer tank 20 in the basic 
MEO apparatus by the pump 8 Where it is introduced into the 
reaction chamber 5(b) through spray head 4a as a spray onto 
the anolyte surface thereby promoting contact With (i.e., 
oxidation of) any immiscible organic surface layers present 
in addition to reacting With (i.e., oxidiZing) the Waste 
dissolved, suspended or submerged Within the anolyte in the 
reaction chamber 5(a). The inlet to pump 8 is protected by 
an in-line screen ?lter 6 Which prevents solid particles large 
enough to clog the spray head 4(a) from exiting the buffer 
tank 20. Contact of the oxidiZing species With incomplete 
oxidation products that are gaseous at the conditions Within 
the reaction chamber 5(c) may be further enhanced by using 
conventional techniques for promoting gas/liquid contact 
(e.g., ultrasonic vibration 9, mechanical mixing 7). An 
ultraviolet source 11 is introduced into the anolyte reaction 
chamber 5(c) to decompose the hydrogen peroxide formed 
by the MEO process into free hydroxyl radicals. The input 
pump 10 pumps the anolyte and Waste liquid in the anolyte 
reaction chamber back to the buffer tank in the basic MEO 
apparatus through a return tube protected by an in-line 
screen ?lter 6 Which prevents solid particles large enough to 
clog the spray head 4(a) from exiting the reaction chamber 
5(c). A third tube is connected to the reaction chamber 5(c) 
to pump out any gas that is present from the original contents 
or from the MEO process. The gas is pumped by the air 
pump 32. The return gas tube is submerged in the buffer tank 
20 in the basic MEO system so as to oxidiZe any volatile 
organic compounds in the gas to CO2 before release to the 
gas cleaning system 16. Contact of the oxidiZing species 
With incomplete oxidation products that are gaseous at the 
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conditions Within the reaction chamber 5(c) may be further 
enhanced by using conventional techniques for promoting 
gas/liquid contact (e.g., ultrasonic vibration 9, mechanical 
mixing 7). The apparatus continuously circulates the anolyte 
portion of the electrolyte directly from the electrochemical 
cell 25 through the buffer tank 20 to maximize the concen 
tration of oxidiZing species contacting the Waste. 

[0108] The hinged lid 1 is lifted, and the top of the basket 
3 is opened. The organic Waste is introduced into the basket 
3 in the reaction chamber 5(c) Where the solid Waste remains 
While the liquid portion of the Waste ?oWs into the anolyte. 
The basket 3 top and the lid 1 are closed and lid 1 has a seal 
around the opening and it is locked before operation begins. 
With basket 3 lid closed, the basket 3 is loWered by a lever 
36 connected to the lid 1 into the anolyte such that all of its 
contents are held submerged in the anolyte throughout the 
oxidiZation process. 

[0109] A mechanical device (penetrator 34) may be incor 
porated into the basket 3 in the anolyte reaction chamber 
5(c) that create multiple perforations in the outer portion of 
the solid Waste so that the anolyte can rapidly penetrate into 
the interior of the Waste. The penetrator 34 serves the same 
purpose it does in the anolyte reaction chamber 5(b) 
described in the foregoing section. A?lter 6 is located at the 
base of the buffer tank 20 to limit the siZe of the solid 
particles to approximately 1 mm in diameter (i.e., smaller 
that the minimum dimension of the anolyte ?oW path in the 
electrochemical cell 25) thereby preventing solid particles 
large enough to clog the electrochemical cell 25 flow paths 
from exiting the buffer tank (20). 

[0110] The anolyte reaction chamber 5(d) in FIG. 1E is 
designed to use a closed container exterior to the basic 
apparatus as the anolyte reaction chamber. FIG. 1E illus 
trates one example of an exterior container, Which in this 
case is a metal vessel such as a 50-gallon steel drum 
containing Waste. The drum may be connected to the basic 
MEO apparatus through tubing and a pumping system. The 
anolyte is pumped by the pump 8 from the buffer tank 20 in 
the basic MEO apparatus into the reaction chamber 5(LD 
Where it reacts With the contents and oxidiZes the Waste. The 
anolyte stream is oscillated Within the anolyte reaction 
chamber 5(a') to alloW for thorough mixing and for cleaning 
of the Walls of the chamber. The input pump 10 pumps the 
anolyte and Waste liquid in the anolyte reaction chamber 
back to the buffer tank in the basic MEO apparatus through 
a return tube protected by an in-line screen ?lter 6 Which 
prevents solid particles large enough to clog the spray head 
4(a) from exiting the reaction chamber A third tube is 
connected to the reaction chamber 5(d) through the air pump 
32 to pump out any gas that is present from the original 
contents or from the MEO process. The return gas tube is 
submerged beloW the anolyte level in the buffer tank 20 in 
the basic MEO system so as to oxidiZe any volatile organic 
compounds in the gas to CO2 before release to the gas 
cleaning system 16. 

[0111] The anolyte from the electrochemical cell 25 is 
introduced into the buffer tank 20 through the spray head 
4(a) and stream head 4(b). The tWo heads are designed to 
increase the exposure of the Waste to the anolyte by enhanc 
ing the mixing in the anolyte reaction chambers 5(a,b). 
Introducing the anolyte into the buffer tank 20 as a spray 
onto the anolyte surface promotes contact With (i.e., oxida 
tion of) any immiscible organic surface layers present. 
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[0112] The MEO apparatus continuously circulates the 
anolyte portion of the electrolyte directly from the electro 
chemical cell 25 into the buffer tank 20 to maximiZe the 
concentration of oxidiZing species contacting the Waste. A 
?lter 6 is located at the base of the buffer tank 20 to limit the 
siZe of the solid particles to approximately 1 mm in diameter 
(i.e., smaller than the minimum dimension of the anolyte 
?oW path in the electrochemical cell 25). Contact of the 
oxidiZing species With incomplete oxidation products that 
are gaseous at the conditions Within the buffer tank 20 may 
be enhanced by using conventional techniques for promot 
ing gas/liquid contact (e.g., ultrasonic vibration 9, mechani 
cal mixing 7). An ultraviolet source 11 is introduced into the 
buffer tank 20 to decompose the hydrogen peroxide formed 
by the MEO process into free hydroxyl radicals. 

[0113] All surfaces of the apparatus in contact With the 
anolyte or catholyte are composed of stainless steel, glass, or 
nonreactive polymers (e.g., PTFE, PTFE lined tubing, etc). 
These materials provide an electrolyte containment bound 
ary to protect the components of the MEO apparatus from 
being oxidiZed by the electrolyte. 

[0114] The anolyte circulation system contains a pump 19 
and a removal and treatment system 15 (e.g., ?lter, centri 
fuge, hydrocyclone, etc,) to remove any insoluble inorganic 
compounds that form as a result of mediator or electrolyte 
ions reacting With anions of or containing halogens, sulfur, 
phosphorous, nitrogen, etc. that may be present in the Waste 
stream thus preventing formation of unstable compounds 
(e.g., perchlorates, etc.). The anolyte is then returned to the 
electrochemical cell 25, Where the oxidiZing species are 
regenerated, Which completes the circulation in the anolyte 
system 

[0115] The residue of the inorganic compounds is ?ushed 
out of the treatment system 15 during periodic maintenance 
if necessary. If Warranted, the insoluble inorganic com 
pounds are converted to Water-soluble compounds using any 
one of several chemical or electrochemical processes. 

[0116] Waste is added to the reaction chambers 5(a,b,c) 
either continuously or in the batch mode depending on the 
anolyte reaction chamber con?guration chosen. 

[0117] The MEO system apparatus incorporates tWo meth 
ods that may control the rate of destruction of Waste and 
control the order in Which organic molecular bonds are 
broken. In the ?rst method the anolyte temperature is 
initially at or beloW the operating temperature and subse 
quently increased by the thermal controls 21 and 22 until the 
desired operating temperature for the speci?c Waste stream 
is obtained. In the second method the Waste is introduced 
into the apparatus, With the concentration of electrochemi 
cally generated oxidiZing species in the anolyte being lim 
ited to some predetermined value betWeen Zero and the 
maximum desired operating concentration for the Waste 
stream by controlling the electric current in the electro 
chemical cell 25 With the DC poWer supply 29 and subse 
quently increased to the desired operating concentration. 
These tWo methods can be used in combination. 

[0118] The electrolyte is composed of an aqueous solution 
of mediator species and electrolytes appropriate for the 
species selected and is operated Within the temperature 
range from approximately 0° C. to slightly beloW the boiling 
point of the electrolytic solution, usually less then 100° C., 
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at a temperature or temperature pro?le most conducive to 
the desired Waste destruction rate (e.g., most rapid, most 
economical, etc.). The acid, alkaline, or neutral salt electro 
lyte used is determined by the conditions in Which the 
species may exist. 

[0119] Considerable attention has been paid to halogens, 
especially chlorine and their deleterious interactions With 
silver mediator ions, hoWever this is of much less concern or 
importance to this invention for the following tWo reasons. 
First, the biological Waste considered herein typically con 
tains relatively small amounts of these halogen elements 
compared to the halogenated solvents and nerve agents 
addressed in the cited patents. Second, the Wide range of 
properties (e.g., oxidation potential, solubility of com 
pounds, cost, etc.) of the mediator species claimed in this 
patent alloWs selection of a single or mixture of mediators 
either avoiding formation of insoluble compounds, easily 
recovering the mediator from the precipitated materials, or 
being suf?ciently inexpensive so as to alloW the simple 
disposal of the insoluble compounds as Waste, While still 
maintaining the capability to oxidiZe (i.e., destroy) the Waste 
economically. 
[0120] The Waste destruction process may be monitored 
by several electrochemical and physical methods. First, 
various cell voltages (e.g., open circuit, anode vs. reference 
electrode, ion speci?c electrode, etc.) yield information 
about the ratio of oxidiZed to reduced mediator ion concen 
trations Which may be correlated With the amount of reduc 
ing agent (i.e., Waste) either dissolved in or Wetted by the 
anolyte. Second, if a color change accompanies the transi 
tion of the mediator species betWeen its oxidiZed and 
reduced states (e.g., heteropoly blues, etc.), the rate of decay 
of the color associated With the oxidiZed state, under Zero 
current conditions, could be used as a gross indication of the 
amount of reducing agent (i.e., oxidiZable Waste) present. If 
no color change occurs in the mediator, it may be possible 
to select another mediator to simply serve as the oxidiZation 
potential equivalent of a pH indicator. Such an indicator is 
required to have an oxidation potential betWeen that of the 
Working mediator and the organic species, and a color 
change associated With the oxidiZation state transition. 

[0121] The anolyte is circulated into the reaction chambers 
5 (a,b,) and buffer tank 20 through the electrochemical cell 
25 by pump 19 on the anode 26 side of the membrane 27. 
A membrane 27 in the electrochemical cell 25 separates the 
anolyte portion and catholyte portion of the electrolyte. 
[0122] Small thermal control units 21 and 22 are con 
nected to the How stream to heat or cool the anolyte to the 
selected temperature range. If Warranted a heat exchanger 23 
can be located immediately upstream from the electrochemi 
cal cell 25 to loWer the anolyte temperature Within the cell 
to the desired level. Another heat exchanger 24 can be 
located immediately upstream of the anolyte reaction cham 
ber inlet to control the anolyte temperature in the reaction 
chamber to Within the desired temperature range to affect the 
desired chemical reactions at the desired rates. 

[0123] The electrochemical cell 25 is energiZed by a DC 
poWer supply 29, Which is poWered by the AC poWer supply 
30. The DC poWer supply 29 is loW voltage high current 
supply usually operating beloW 4V DC but not limited to 
that range. The AC poWer supply 30 operates off a typical 
110 v AC line for the smaller units and 240 v AC for the 
larger units. 
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[0124] The oxidiZer species population produced by elec 
trochemical generation (i.e., anodic oxidation) of the oxi 
diZed form of the redox couples referenced herein can be 
enhanced by conducting the process at loW temperatures, 
thereby reducing the rate at Which thermally activated 
parasitic reactions consume the oxidiZer. 

[0125] Reaction products resulting from the oxidation 
processes occurring in the anolyte system (A) that are 
gaseous at the anolyte operating temperature and pressure 
are discharged to the condenser 13. The more easily con 
densed products of incomplete oxidation are separated in the 
condenser 13 from the anolyte off-gas stream and are 
returned to the anolyte reaction chamber 5(a,b) or the buffer 
tank 20 for further oxidation. The non-condensable incom 
plete oxidation products (e.g., loW molecular Weight organ 
ics, carbon monoxide, etc.) are reduced to acceptable levels 
for atmospheric release by a gas cleaning system 16. The gas 
cleaning system 16 is not a necessary component of the 
MEO apparatus for the destruction of most types of Waste. 

[0126] If the gas cleaning system 16 is incorporated into 
the MEO apparatus, the anolyte off-gas is contacted in a 
counter current ?oW gas scrubbing system in the off-gas 
cleaning system 16, Wherein the noncondensibles from the 
condenser 13 are introduced into the loWer portion of the 
column through a How distribution system of the gas clean 
ing system 16, and a small side stream of freshly oxidiZed 
anolyte direct from the electrochemical cell 25 is introduced 
into the upper portion of the column. This results in the gas 
phase continuously reacting With the oxidiZing mediator 
species as it rises up the column past the doWn ?oWing 
anolyte. Under these conditions the gas about to exit the top 
of the column may have the loWest concentration of oxidiZ 
able species and also be in contact With the anolyte having 
the highest concentration of oxidiZer species, thereby pro 
moting reduction of any air pollutants present doWn to levels 
acceptable for release to the atmosphere or to the fuel cell. 
Gas-liquid contact Within the column may be promoted by 
a number of Well established methods (e.g., packed column, 
pulsed ?oW, ultrasonic mixing, etc,) that does not result in 
any meaningful backpressure Within the anolyte ?oW sys 
tem. Anolyte exiting the bottom of the countercurrent scrub 
bing column is discharged into the anolyte reaction chamber 
5(a,b,c) or buffer tank 20 and mixed With the remainder of 
the anolyte. The major products of the oxidation process are 
CO2, Water, and minor amounts of CO and inorganic salts, 
Where the CO2 is vented 14 out of the system. In selected 
cases oxygen gas may evolve form the anode for use in a fuel 
cell. 

[0127] An optional inorganic compound removal and 
treatment systems 15 is used should there be more than trace 
amount of halogens, or other precipitate forming anions 
present in the Waste being processed, thereby precluding 
formation of unstable oxycompounds (e.g., perchlorates, 
etc.). 
[0128] The MEO process proceeds until complete destruc 
tion of the Waste has been affected or be modi?ed to stop the 
process at a point Where the destruction of the Waste is 
incomplete. The reason for stopping the process is that: a) 
the organic materials are benign and do not need further 
treatment, or b) the organic materials may be used in the 
form they have been reduced and thus Would be recovered 
for that purpose. The organic compounds recovery system 
17 is used to perform this process. 
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Catholyte System (B) 

[0129] The bulk of the catholyte is resident in the 
catholyte reaction chamber 31. To maximize the production 
of hydrogen gas at the cathode, or minimiZe the production 
of any other elements or chemical compounds in the 
catholyte, it is necessary that the 

[0130] predominates all other reactions at the cathode. The 
reduction of many nitrogen and halogen containing anions is 
thermodynamically favored over that of hydrogen. There 
fore, the presence of nitrogen and halogen containing anions 
should be avoided unless they are in their loWest oxidation 
state (i.e., —3 and —1, respectively), thereby precluding their 
further reduction. 

[0131] The catholyte portion of the electrolyte is circu 
lated by pump 43 through the electrochemical cell 25 on the 
cathode 28 side of the membrane 27. The catholyte portion 
of the electrolyte ?oWs into a catholyte reservoir 31. Small 
thermal control units 45 and 46 are connected to the 
catholyte ?oW stream to heat or cool the catholyte to the 
selected temperature range. 

[0132] External air is introduced through an air sparge 37 
into the catholyte reservoir 31, if necessary. Some catholyte 
systems may require air sparging to dilute hydrogen at times 
When the gas is not required. An off-gas cleaning system 39 
may be used to remove any unWanted gas products mixed 
With the hydrogen. The cleaned gas stream, combined With 
the unreacted components of the air introduced into the 
system is discharged through the atmospheric vent 47. The 
hydrogen gas is output through the hydrogen output 38 to a 
fuel cell or other hydrogen fuel consuming equipment. 

[0133] Optional anolyte recovery system 41 is positioned 
on the catholyte side. Some mediator oxidiZer ions may 
cross the membrane 27 and this option is available if it is 
necessary to remove them through the anolyte recovery 
system 41 to maintain process ef?ciency or cell operability, 
or their economic Worth necessitates their recovery. Oper 
ating the electrochemical cell 25 at higher than normal 
membrane 27 current densities (i.e., above about 0.5 amps/ 
cm2) increases the rate of Waste destruction, but also result 
in increased mediator ion transport through the membrane 
into the catholyte. It may be economically advantageous for 
the electrochemical cell 25 to be operated in this mode. It is 
advantageous Whenever the replacement cost of the media 
tor species or removal/recovery costs are less than the cost 
bene?ts of increasing the Waste throughput (i.e., oxidation 
rate) of the electrochemical cell 25. Increasing the capitol 
cost of expanding the siZe of the electrochemical cell 25 can 
be avoided by using this operational option. 

MEO Controller 

[0134] An operator runs the MEO Apparatus (FIG. 1A) by 
using the MEO Controller depicted in FIG. 2 MEO Con 
troller. The controller 49 With microprocessor is connected 
to a monitor 51 and a keyboard 53. The operator inputs 
commands to the controller 49 through the keyboard 53 
responding to the information displayed on the monitor 51. 
The controller 49 runs a program that sequences the steps for 
the operation of the MEO apparatus. The program has 
pre-programmed sequences of standard operations that the 
operator Will folloW or he Will choose his oWn sequences of 
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operations. The controller 49 alloWs the operator to select 
his oWn sequences Within limits that assure a safe and 
reliable operation. The controller 49 sends digital commands 
that regulates the electrical poWer (AC 30 and DC 29) to the 
various components in the MEO apparatus; pumps 19 and 
43, mixers 7 and 35, thermal controls 21, 22, 45, 46, 
ultraviolet sources 11, ultrasonic sources 9 and 48, CO2 vent 
14, air sparge 37, and electrochemical cell 25. The controller 
receives component response and status from the compo 
nents. The controller sends digital commands to the sensors 
to access sensor information through sensor responses. The 
sensors in the MEO apparatus provide digital information on 
the state of the various components. Sensors measure ?oW 
rate 59, temperature 61, pH 63, CO2, CO, O2, venting 65, 
degree of oxidation 67, air sparge sensor 69, hydrogen 
output 38, etc. The controller 49 receives status information 
on the electrical potential (voltmeter 57) across the electro 
chemical cell, or individual cells if a multi-cell con?gura 
tion, and betWeen the anode(s) and reference electrodes 
internal to the cell(s) 25 and the current (ammeter 55) 
?oWing betWeen the electrodes Within each cell. 

Example System Model 
[0135] Apreferred embodiment, MEO System Model 5.b 
(shoWn in FIG. 3 MEO System Model 5.(b) is representa 
tive of a industrial or commercial application for the destruc 
tion of liquids and mixtures of small particles and liquid 
Waste being feed from Waste tank 42. This embodiment 
depicts a con?guration using the system apparatus presented 
in FIGS. 1A and 1B. Other preferred embodiments (repre 
senting FIGS. 1B, 1D, and 1E) have differences in the 
external con?guration and siZe but are essentially the same 
in internal function and components as depicted in FIGS. 1A 
and 1B. The preferred embodiment in FIG. 3 comprises a 
housing 72 constructed of metal or high strength plastic 
surrounding the electrochemical cell 25, the electrolyte and 
the foraminous basket 3. The AC poWer is provided to the 
AC poWer supply 30 by the poWer cord 78. Amonitor screen 
51 is incorporated into the housing 72 for displaying infor 
mation about the system and about the Waste being treated. 
Additionally, a control keyboard 53 is incorporated into the 
housing 72 for inputting information into the system. The 
monitor screen 51 and the control keyboard 53 may be 
attached to the system Without incorporating them into the 
housing 72. In a preferred embodiment, status lights 73 are 
incorporated into the controller housing 71 for displaying 
information about the status of the treatment of the Waste 
material. An air sparge 37 is incorporated into the housing 72 
to alloW air to be introduced into the catholyte reaction 
chamber 31 to dilute the hydrogen gas evolving at the 
cathode When it is not being supplied to a fuel cell or other 
hydrogen fuel consuming system. Hydrogen gas is released 
through the hydrogen output 38 directly to a fuel cell or 
other hydrogen fuel consuming system. In addition, a CO2 
vent 14 is incorporated into the housing 72 to alloW for CO2 
release from the anolyte reaction chamber via the gas 
cleaning system 16 housed Within. When oxygen gas is 
evolved at the anode it is input to the fuel cell through 
oxygen input 40. 

[0136] In a preferred embodiment, the housing includes 
means for cleaning out the MEO Waste treatment system, 
including a ?ush(s) 18 and drain(s) 12 through Which the 
anolyte and catholyte Will pass. The preferred embodiment 
further comprises an atmospheric vent 47 facilitating the 














































